A novel DNA adduct, originating from 1,2-epoxy-3,4-butanediol, is the major DNA adduct after exposure to [2,3-(14)C]-1,3-butadiene,[4-(14)C]-1,2-epoxy-3-butane.
1,3-Butadiene is a rodent carcinogen and its epoxide metabolites, 1,2-epoxy-3-butene (EB), 1,2-epoxy-3,4-butanediol (EBD), and 1,2:3,4-diepoxybutane (DEB) have been suggested as ultimate carcinogens. This study aimed at identification and quantification of DNA adducts in rats and mice following exposure to BD and its major metabolite EB to identify the reactive epoxide(s) in target tissues. Reaction of [4-(14)C]-EB with 2'-deoxyguanosine (dG) or DNA gave equal amounts of N7-(2-hydroxy-3-butenyl)guanine (G1) and N7-(1-(hydroxymethyl)-2-propenyl)guanine (G2). Reaction of DEB stereomers with dG yielded N7-(2,3,4-trihydroxybutyl)guanine (G3) as major adduct and novel, minor adduct (G4) that was tentatively identified as N7-(1-(hydroxymethyl)-2,3-dihydroxypropyl)guanine. For the stereomers of EBD, the opposite was found: reaction with dG led to G4 as major and G3 as minor adduct. 2D-Total correlation 1H-NMR spectroscopy of G4 indicated that the N7-alkyl group was in a virtually fixed conformational state and might interact with the O(6) of guanine, which might imply a higher degree of mutagenicity of G4, due to G-C mispairing, than of any other adducts observed in this study. At 48 h following exposure to [4-(14)C]-EB (1-50 mg/kg), DNA adduct profiles in rat and mouse were qualitatively similar, with G1 and G2 as main, and G4 as minor adduct. Following nose-only exposure to 200 ppm [2,3-(14)C]-BD for 6 h, G1 and G2 were minor adducts in liver (1.9 and 8.0 per 10(8) nucleotides) and lung (1.6 and 6.6 per 10(8) nucleotides, for rats and mice, respectively). G3 was absent in rats, but present in mouse liver and lung, at 20 and 12 adducts/10(8) nucleotides. The major adduct was G4 accounting for 13 and 90 (liver) and 11 and 139 (lung) adducts/10(8) nucleotides in rats and mice, respectively. Forty-two hours later, these adduct levels had only little changed. Our recent biomarker studies confirm that following exposure to BD, but not BDO, EBD is the major epoxide available for macromolecular binding in humans and rodents. Most probably because EBD is in contrast to EB and DEB, a poor substrate for epoxide hydrolases. In conclusion, the major DNA adduct following exposure to BD is G4, originating from EBD, and not from EB or BDE. It is concluded that EBD and G4 should be taken into account for human risk assessment for exposure to BD.